Introduction
The temporal and spatial distribution of interphase and mitotic microtubule (MT) networks are determined largely by the activities of the centrosome in animal cells. This organelle thus plays crucial roles in the overall cytoplasmic organisation, cell polarity and in the fidelity of transmission of the genetic material during cell division. Centrosome organisation of MTs involves distinct processes such as nucleation, anchorage and release of MTs. In most undifferentiated animal cells, microtubule nucleation is closely associated with the centrosome, where proteins such as ␥-tubulin (Stearns et al., 1991; Moudjou et al., 1996) and ␥-tubulin-associated proteins are located, which constitute the nucleation complex ␥-TuRC (␥-tubulin ring complex) (Murphy et al., 1998; Martin et al., 1998; Tassin et al., 1998; Murphy et al., 2001; Gunawardane et al., 2003; Haren et al., 2006) . Both centrioles in the centrosome recruit ␥-TuRCs and nucleate MTs, but only the mother centriole maintains an array of focused MTs , as it contains appendages, where ninein -a protein required for microtubule anchorage -is located (Mogensen et al., 2000; Delgehyr et al., 2005) . Interestingly, some bona fide centrosomal components, such as AKAP450 (Witczak et al., 1999; Takahashi et al., 1999; Takahashi et al., 2002; Keryer et al., 2003) , extend from the centrosome to the Golgi complex and form a Golgi-like network. It has been reported that ␥-tubulin is also enriched in the Golgi complex (ChabinBrion et al., 2001) , where it is recruited by the cis-Golgi protein GMAP210 (Rios et al., 2004) .
In this work, we studied the function of the large centrosomal protein CAP350, which possesses one CAP-Gly motif and two Ser-rich regions. This protein was previously shown to interact directly with FOP (FGFR1 oncogene partner) and EB1, and is proposed to be involved in MT-anchoring activity at the centrosome (Yan et al., 2006) . CAP-Gly proteins have been reported to bind MTs, tubulin oligomers or tubulin monomers through the CAP-Gly domain. This domain consists of about 70 a.a., and characteristically contains conserved hydrophobic and glycine residues (Pierre et al., 1994; Waterman-Storer et al., 1995; Hoogenraad et al., 2000) . This motif is found in at least 10 human proteins, which mainly belong to the CLIP family (Pierre et al., 1994; Hoogenraad et al., 2000; Lallemand-Breitenbach et al., 2004) , but also to motor-associated proteins (Waterman-Storer et al., 1995) and to tubulin co-factors (Tian et al., 1996) . In CLIP proteins, a basic Ser-rich region is required in addition to the CAP-Gly domain for microtubule binding (Hoogenraad et al., 2000) . However, the protein CYLD (cylindromatosis tumor suppressor), which possesses three CAP-Gly domains, does not bind MTs. Instead, the third CAP-Gly repeat was reported to bind the proline-rich region of NEMO (the regulatory subunit of the I B kinase), suggesting that the CAP-Gly domain could mediate interactions with proteins unrelated to tubulin (Saito et al., 2004) .
A comprehensive model of how the centrosome organises the microtubule network in animal cells
has not yet been elucidated. Here we show that the centrosomal large CAPGly protein CAP350 is not only present at the centrosome, but is also present as numerous dots in the pericentrosomal area. Using in vitro and in vivo expression of partial constructs, we demonstrated that CAP350 binds microtubules through an N-terminal basic region rather than through its CAP-Gly domain. CAP-Gly-containing domains of CAP350 are targeted not only to the centrosome but also to a Golgi-like network. Interestingly, full-length GFP-tagged CAP350 bound preferentially to microtubules in the pericentrosomal area. These results indicate that the large CAP350 protein has a dual binding ability. Overexpression of CAP350 promoted an increase in the stability of the whole microtubule network, as judged by a significant decrease in the number of EB1 comets and by an enhanced microtubule resistance to Nocodazole treatment. In support of this, CAP350 depletion decreased microtubule stability. Moreover, both depletion and overexpression of CAP350 induced specific fragmentation of the Golgi complex while maintaining a juxtanuclear localisation. We propose that CAP350 specifically stabilises Golgi-associated microtubules and in this way participates in the maintenance of a continuous pericentrosomal Golgi ribbon.
We demonstrate here that CAP350 is a microtubule-binding protein, which binds MTs through an N-terminal basic region rather than via its CAP-Gly domain, whereas CAP-Glycontaining domains are targeted to the Golgi-like network. Full-length GFP-tagged CAP350 binds preferentially to MTs in the pericentrosomal area. We show that CAP350 influences MT stability and Golgi complex organisation and propose that CAP350 may specifically stabilise Golgi-associated MTs during interphase and in this way participates in the maintenance of a pericentrosomal Golgi ribbon.
Results

CAP350 associates with the centriole pair and within the pericentrosomal area
Using an antibody raised against a recombinant CAP350 fragment (1875-2055), we identified by western blotting a major high molecular mass band that was specifically enriched in the centrosomal fraction of KE37 lymphoblastic cells but also detectable in a total cell lysate of HeLa cells (Fig. 1A,B) . Depletion of this protein after RNAi demonstrated the specificity of our antibody against CAP350 (Fig. 1B) . Labelling of CAP350 with this antibody revealed a Journal of Cell Science 120 (18) concentration of CAP350 at the centrosome throughout the cell cycle in agreement with Yan et al. (Yan et al., 2006) and in close association with the two centrioles ( Fig. 1C-F) . In addition, a cloud of numerous pericentrosomal dots (see arrows in Fig. 1C-F ) was localised to the area of the Golgi complex using the Golgi-specific mAb CTR433 (Jasmin et al., 1989) . CAP350 did not colocalise with MTs in interphase cells. However, the pericentrosomal dots were always very close to and possibly on MTs (Fig. 1C,D) .
During mitosis, CAP350 was detected along some spindle MTs and at the spindle poles (Fig. 1G,H) . Numerous distinct dots were also observed around the centrosome in telophase cells (Fig. 1H) . These dots were concentrated in areas where the Golgi complex reforms after mitosis (see supplementary material Fig. S1 ).
When microtubule organisation was modified by treatment with drugs such as Nocodazole or Taxol, centrosomal localisation of CAP350 was not affected, indicating that CAP350 is a genuine centrosomal protein (Fig. I,J) . Interestingly, the few Nocodazole-resistant MTs were covered with non-centrosomal CAP350. This would suggest -in agreement with the observation that overexpressed CAP350 decorates MTs unevenly (see below) -that when CAP350 is abundant with respect to the MT lattice, as occurs when MTs are depolymerised, the binding involves some cooperativity. This then results in a higher concentration of the protein on regions along the remaining microtubules (Fig. 1I) . In Taxoltreated cells, CAP350 redistributed to form clouds of dots localised at the minus end of MT bundles (Fig. 1J ) as identified by a double-labelling experiment with AKAP450, which redistributes at minus ends (data not shown) (Gosti-Testu et al., 1986) . These results suggest that CAP350 is able to bind directly or indirectly to MTs or to a subset of MTs, and preferentially accumulates at the MT minus ends.
CAP350 co-sediments with microtubules in cell lysate Since CAP350 contains a CAP-Gly motif and colocalised with MTs, we analysed the ability of CAP350 to bind to MTs by studying its sedimentation behaviour in a high-speed centrifugation HeLa cell lysate in the presence of MT drugs. Addition of Nocodazole to the cell lysate resulted in complete solubilisation of tubulin and CAP350. Addition of Taxol led to full polymerisation of tubulin into MTs with a small fraction of CAP350 co-sedimenting with the MT pellet ( Fig. 2A) . As expected for a MT-binding protein, increasing the tubulin pool by adding purified tubulin to the lysate before drug treatment, led to an increased sedimentation of CAP350 although it was never complete ( Fig. 2A) . This was also observed with p150 Glued , a well-known microtubule-binding protein that possesses a CAP-Gly domain, which was used as a control. These results confirmed the MT-binding properties of CAP350.
To pinpoint the domain responsible for CAP350 cosedimentation with MTs, we made large partial constructs of CAP350 corresponding to the N-terminal domain (a.a. 1-983), the Ser-rich plus CAP-Gly region (a.a. 983-2589) and the Cterminal domain (a.a. 2590-3117). Each fragment was amplified by PCR for transcription and translation in a reticulocyte lysate. Each translation product was incubated with pre-assembled Taxol-stabilised MTs. Our results showed that the N-terminal domain of CAP350 co-sedimented with MTs whereas the Serrich plus CAP-Gly domain and the C-terminal domain remained in the supernatant (Fig. 2B) . To ensure that the CAP-Gly domain was not involved in the MT binding, we restricted this fragment by sequentially deleting the Ser-rich regions, which led to three new partial constructs (see Materials and Methods). None of these was able to co-sediment with MTs (data not shown). To determine the exact N-terminal domain responsible for MT co-sedimentation, we shortened and cut it in two parts (a.a. 1-402 and a.a. 403-725). Each domain was further analysed for its association with the MT fraction as before. We found that both were able to co-sediment with MTs ( Fig. 2C ) suggesting that two independent domains within the N-terminus of CAP350 are able to bind MTs independently.
The N-terminal domain of CAP350 binds microtubules directly To determine whether the N-terminal domains were able to bind MTs directly, we tagged each fragment with GST and generated the peptides in bacteria. Unfortunately, fragment 1-402 was insoluble. Fragment 403-725 was soluble and purified on a GST column and analysed for its MT binding capability. The fusion Methods) and treated with either Nocodazole (NZ) to prevent tubulin polymerisation or with Taxol to stabilise the microtubules. After a 1-hour incubation the cell lysate was centrifuged through a glycerol cushion. Proteins from the supernatants (S) and pellets (P) were analysed by SDS-PAGE and western blotting using anti-tubulin, anti-p150 and anti-CAP350 antibodies. Note that a small amount of CAP350 and p150 specifically co-precipitated with microtubules in the absence of exogenous tubulin, which significantly increased after addition of tubulin in the lysate.
(B) Different partial constructs of CAP350 as indicated on the figure were transcribed in reticulocyte lysate and analysed for their binding to pre-formed microtubules (+MTs). Control experiments were performed without preformed microtubules (-MTs). As in A, proteins from the supernatants (S) and pellets (P) were analysed by SDS-PAGE and exposed for different times using a phosphorimager. Only the N-terminal construct (1-983) sedimented with microtubules. This ability was observed with the two N-terminal constructs (C). Arrows indicate the mobility of the in vitro labelled CAP350 constructs.
protein clearly co-sedimented with preassembled Taxolstabilised MTs from purified tubulin whereas purified GST remained in the supernatant (Fig. 3A,B) . A higher molecular mass protein that co-purified with the fusion protein remained in the supernatant serving as an internal control (Fig. 3A) . To test whether this N-terminal fragment (a.a. 403-725) was able to bind MTs in vivo, it was overexpressed in fusion with a Myc tag and it was targeted to the nucleus (data not shown). To abolish this nuclear targeting, we mutagenised the two NLS present in this fragment. In these conditions, as expected for a microtubule-binding domain, all MTs were decorated in a double labelling experiment with anti-tubulin antibody (Fig.  3C ).
CAP-Gly containing domains of CAP350 are targeted to a Golgi-like network We then investigated the targeting of different fragments of CAP350 that excluded the MT binding N-terminal domain (see Fig. 4D ). The shortest C-terminal domain (a.a. 2590-3117) was found in the cytosol (data not shown). Two CAP-Gly containing domains (a.a. 984-2589 and a.a. 1896-3117) were produced. At low expression levels the 984-2589 domain, which contains the Ser-rich and CAP-Gly domains, was strictly targeted to the centrosome (Fig. 4A) . When the expression level was increased, a Triton-resistant Golgi-like staining was observed, in addition to the centrosome staining (Fig. 4B) . Interestingly, the 1896-3117 domain, which contains one Ser-rich and the CAP-Gly domain decorated only the Golgi-like network and not the centrosome (Fig. 4C ). These results suggested that a domain containing the CAP-Gly targeted the protein to a Golgi-like Journal of Cell Science 120 (18) network. To verify this hypothesis, we further analysed the localisation of two additional constructs: the Ser-rich domain without the CAP-Gly (a.a. 984-2495) and the CAP-Gly domain alone (a.a. 2400-2566). The Ser-rich domain, when overexpressed in cells, was strictly targeted to the centrosome, whereas the CAP-Gly domain localised in the cytosol, suggesting that the CAP-Gly is necessary but not sufficient for the pericentrosomal network targeting (data not shown).
Altogether, these results suggest that the centrosome localisation domain is located between a.a. 983 and 2495 (see also Yan et al., 2006) and that the pericentrosomal network localisation domain contains the CAP-Gly but is not restricted to it.
Overexpressed CAP350 redistributes to juxtanuclear microtubules and stabilises them To investigate the function of CAP350, we analysed the localisation of full-length CAP350 tagged with GFP. At low expression levels, the protein localised similar to the endogenous protein, with staining observed at the centrosome and dotted around it (Fig. 5A ). When expression levels increased, some MTs localised within the juxtanuclear area became associated with CAP350 ( Fig. 5B ) and extended further into the cell (Fig. 5C ). This localisation was confirmed using full-length CAP350 in RPE1 GFP-␣-tubulin cells (supplementary material Fig. S2 ). However, CAP350 seemed to be unevenly distributed along the MTs (arrows in Fig. 5D ).
Thus, the targeting of full-length CAP350 contrasts with the targeting of the N-terminal construct (a.a. 403-725) (see Fig.  3C ), which associates with all MTs. We suggest that full-length CAP350 can bind to MTs that are localised in the juxtanuclear area, where the protein can also interact with the Golgi-like network through its CAP-Gly containing domain.
To determine the function of CAP350, we investigated whether CAP350 overexpression affects microtubule stability. For this purpose, we overexpressed the full-length CAP350 tagged with GFP in cells, and subsequently depolymerised the MTs with Nocodazole for 20 or 40 minutes before fixation. After treatment with Nocodazole for 40 minutes, more than 50% of the CAP350 overexpressing cells still possessed a MT network observed by labelling acetylated tubulin (n=200 cells from three experiments), whereas most of the nontransfected cells were devoid of MTs. Representative cells are shown in Fig. 6A . This result indicated that overexpression of CAP350-GFP stabilised the MTs. 
stabilises Golgi-associated MTs
This was confirmed by analysing the behaviour of EB1 in cells overexpressing CAP350-GFP. EB1 is known to be localised at the plus ends of dynamic MTs and its staining can be used to monitor the number of growing MTs (Piehl et al., 2004; Tirnauer et al., 2004) . Cells overexpressing CAP350-GFP consistently had a greatly reduced number of EB1 spots compared with untransfected cells (Fig. 6B) .
Finally, we checked whether MT regrowth after Nocodazole treatment was affected in CAP350-overexpressing cells. Our results indicated that microtubule regrowth was not modified in these cells compared with untransfected cells (not shown). Taken together, these results indicate that CAP350 overexpression significantly increases MT stability.
CAP350 siRNA decreases microtubule stability
We next studied the behaviour of MTs in CAP350-depleted cells. HeLa cells were transfected for 48 or 72 hours with either control (GL2) or one of two distinct CAP350-targeting siRNA oligonucleotide duplexes. As shown by western blotting of total HeLa cell lysates, each of the CAP350 siRNA duplexes caused a strong reduction in CAP350 protein levels (Fig. 1A) .
CAP350 depletion at the centrosome and in the pericentrosomal area could also be confirmed by immunofluorescence microscopy with the anti-CAP350 antibody (Figs 7, 8, CAP350 SiRNA) . MT organisation in CAP350-depleted cells or GL2-treated cells appeared very similar (supplementary material Fig. S3 ). Centrosome integrity was analysed by staining control and CAP350-depleted cells with different antibodies recognising the centrosomal proteins including centrin, ninein, ␥-tubulin, Nek2 and C-NAP1, AKAP450. No discernible differences in the deployment of these centrosomal proteins could be observed between control and CAP350-depleted cells, indicating that CAP350 is not essential for the structure of the centrosome or the recruitment of centrosomal protein (data not shown).
MT stability was determined after 5, 10 and 15 minutes of Nocodazole treatment. MT depolymerisation was almost complete in more than 80% of CAP350-depleted cells (n=400 cells from three experiments) after 10 minutes of Nocodazole treatment, whereas cells transfected with the control GL2 duplex still had a distinct MT network in the vast majority (90%) of cells (n=400 cells from three experiments). MT regrowth at the centrosome was similar in CAP350-depleted and control cells showing similar kinetics and centrosomally focused MTs following 5 minutes of regrowth (data not shown). This suggested that depletion of CAP350 reduced MT stability and thus had the opposite effect to overexpression, which stabilised the MT network. These results strongly argue for a role of CAP350 in controlling MTs dynamics.
CAP350 depletion and CAP350 overexpression induce Golgi complex fragmentation Since partial constructs of CAP350 were targeted to the Golgi-like network and the fulllength protein bound preferentially to MTs in the same area, we investigated whether depletion of CAP350 also had a specific effect on the Golgi complex itself. Cells were treated for 48 hours with either GL2 or siRNA CAP350 duplexes and analysed by double immunofluorescence using CAP350 and CTR433, a monoclonal antibody reacting with the median Golgi complex (Jasmin et al., 1989) . Cells treated with GL2 duplexes presented a classical Golgi complex close to the nucleus (Fig. 8A) , whereas CAP350-depleted cells showed a fragmented Golgi complex, which was still localised close to the nucleus (Fig. 8B) . This effect was different from the scattering observed after Nocodazole treatment, as Nocodazole treatment of these CAP350-depleted cells led to a further scattering of the Golgi (not shown). We also asked whether CAP350 overexpression had any effect on Golgi complex and Golgi-like network organisation. In the CAP350-overexpressing cells, Golgi scattering was observed in 60% of the cells whereas untransfected cells presented a Golgi ribbon around the centrosome (see Fig. 8C ). The Golgilike network that was revealed by AKAP450 staining as the Golgi complex, was also fragmented in CAP350-overexpressing cells (Fig. 8D) . Surprisingly, the AKAP450 protein partially redistributed along with CAP350-GFP to juxtanuclear MTs, suggesting a direct or indirect interaction between these two proteins.
We conclude that the results obtained with CAP350 overexpression and depletion both support a role for CAP350 in Golgi organisation, either directly through CAP350
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association with the Golgi-like network or indirectly through modulation of MT dynamics in the Golgi area.
CAP350 localisation in polarised epithelial cells
Our results do not support a role for CAP350 in MT minusend anchorage at the centrosome (Yan et al., 2006) that is similar to the one described for ninein (Mogensen et al., 2000) . Indeed, CAP350 appears to associate equally with both centrioles (see Fig. 1 ), unlike ninein, which is asymmetrically distributed and more abundant on the mother centriole (Mogensen et al., 2000) . Furthermore, CAP350 depletion or overexpression did not affect MT organisation and anchorage at the centrosome. To gain further insight, we turned to differentiated polarised epithelial cells, such as inner-ear supporting cells and cultured polarised MDCK cells. These cells have proved ideal for the identification of proteins involved in MT anchorage because MT nucleation and anchorage are effected at spatially separate domains (Fig. 9A ) (Mogensen et al., 1997; Mogensen et al., 2000; Mogensen et al., 2002; Mogensen, 1999) . This provides a useful experimental system to determine whether CAP350 preferentially associates with MT nucleating or anchoring structures.
CAP350 was found to be concentrated at the centrosome in the pillar cells (Fig. 9B,C) , but was absent from the apical anchoring sites, where the MT anchoring protein, ninein is known to accumulate (Fig. 9D,E) (Mogensen et al., 2000) .
Furthermore, apical views of the inner-pillar cells, which revealed distinct ring of MT minus ends showed no accumulation of CAP350 (Fig. 9B,C) . Cytoplasmic CAP350 appeared to be evenly distributed throughout the cells with no accumulation at the cell bases where the plus ends of the MTs are anchored (data not shown) (see Mogensen et al., 2002) . Similar results were obtained in polarised MDCK cells grown on filters. During MDCK cell polarisation, the radial array of MTs focused on the centrosome is lost or highly reduced and an apico-basal array anchored at non-centrosomal apical sites develops (Bacallao et al., 1989) . In these cells, no distinct accumulation of CAP350 was observed within the apical peripheral region as found for ninein, whereas some CAP350 dots could be observed at the cell periphery in a few polarised MDCK cells (see supplementary material Fig. S4A-C) . These findings suggest that CAP350 does not play a major role in microtubule minus-end anchorage as has been established for ninein in both cochlear and polarised MDCK cells. (A-C) Full-length CAP350 GFP overexpressed in cells and stained for ␣-tubulin. At low expression levels, GFP decorates the centrosome (A). When the expression level increases, a subset of microtubules close to the centrosome is covered with CAP350 (B) and extended further in the cell (C). (D) 2.5ϫ magnification of the boxed area in C. Note that CAP350 GFP is not continuous on microtubules, and that where it is present the anti-tubulin antibody has no access to MTs (arrows). A microtubule well stained with the anti-tubulin is only partly decorated with the fusion protein (arrowhead). Bar, 20 m. CAP350 stabilises Golgi-associated MTs Discussion We showed that CAP350 is able to bind MTs through a basic N-terminal region, to the centriole pair by a domain containing the Ser-rich domains and to the Golgi-like network through a CAP-Gly-containing domain. We demonstrated that CAP350 levels can modulate both microtubule dynamics and Golgi complex ribbon organisation. Rather than a role for CAP350 in MT minus-end anchorage as previously proposed (Yan et al., 2006) , our results seem to indicate that CAP350 concentrates within the pericentrosomal area where it could stabilise MTs enriched in the Golgi complex, and in this way help to maintain the Golgi in the vicinity of the centrosome.
Regulated association of CAP350 with MTs
Using a MT sedimentation assay, we identified an N-terminal domain distinct from the CAP-Gly, which is able to bind MTs. By contrast, we did not observe any microtubule-binding activity of the CAP-Gly domain, as described for the CLIP family member proteins and for the p150
Glued protein. Five highly conserved amino acids (GKNDG) in the CAP-Gly domain, which have been shown to be crucial for MT binding (Pierre et al., 1994; Feierbach et al., 1999) , are not conserved in CAP350. Accordingly, the protein CYLD, which possesses three CAP-Gly domains, that are highly divergent in these five amino acids, fails to bind MTs (Saito et al., 2004) . Therefore, the CAP-Gly domain of CAP350 might be required for a function distinct from the microtubule binding, as reported for the protein CYLD (Saito et al., 2004 ).
However, it should be noted that the consensus sequence is not so divergent in CAP350 (GKNDG is replaced by GNNNG). Therefore, we cannot exclude that under specific regulations -for example, following phosphorylation -the CAP350 CAP-Gly could be functional in MT binding. Indeed, it has been shown that CAP350 is phosphorylated during mitosis (Yan et al., 2006) , and we have observed that the mitotic MTs were decorated with the CAP350 antibody, whereas MTs were not stained during interphase. In support of this hypothesis, we note that CLIP-170 phosphorylation has been shown to regulate its MT binding (Rickard and Kreis, 1991; Choi et al., 2002) . Therefore, CAP350 could bind MTs and regulate their dynamics through two domains, just like the p150 subunit of dynactin, which binds MTs through a highly basic domain increasing the dynein processivity and by the CAP-Gly inhibition of dynein motility (Culver-Hanlon et al., 2006) .
A function for CAP350 in the pericentrosomal area
We have shown that constructs containing the CAP350 CAPGly domain were targeted to the Golgi-like network. The CAPGly domain appears to be necessary for this targeting because its deletion prevents Golgi-like network localisation. However, the CAP-Gly domain is not sufficient to enable targeting to the Golgi-like network, which suggests that other domains are also involved. Therefore, CAP350 binds MTs and the Golgi-like network by two different domains. This is further supported by data on the localisation of endogenous CAP350, which is present not only at the centrosome, but also in the pericentrosomal area, where other centrosomal proteins, such as AKAP450 and centrin, localise.
The centrosome and the Golgi complex are intimately linked. The Golgi complex requires MTs for its location and organisation. Moreover, stable MTs have been observed in association with the Golgi complex (Thyberg and Mokalewki, 1999; Marsh et al., 2004) . It has been proposed that stable MTs might be important for the maintenance of the Golgi structure and its localisation (Rios and Bornens, 2003) . The Golgi protein GMAP210 binds MTs through its C-terminal domain and mediates interactions between Golgi membranes and stable MTs (Infante et al., 1999) . GMAP210 has also been described to recruit ␥-tubulin-containing complexes to Golgi membranes (Rios et al., 2004) and these ␥-tubulin-enriched membranes have been shown to nucleate MTs in rat liver (Chabin-Brion et al., 2001 ). Therefore, CAP350 may specifically modulate the dynamics of a subpopulation of MTs associated with the Golgi. Indeed, we have shown in this study, that the CAP350 level functions as a regulator of MT dynamics. This was demonstrated by CAP350 overexpression, which induced MT stabilisation, and is further supported by the fact that the MTs appeared less stable after siRNA depletion of CAP350. How CAP350 modifies microtubule dynamics is not known and will require further study. Since
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In support of a function for CAP350 in the Golgi area, we have shown that CAP350 siRNA treatment resulted in a specific fragmentation of the Golgi complex. Similarly, CAP350 overexpression caused a scattering of the Golgi complex. The fragmentation of the Golgi complex could be due to modifications in microtubule stability (Allan et al., 2002; Rios et al., 2004) following CAP350 overexpression or depletion. However, the fragmentation observed was different to the scattering observed after Nocodazole treatment, which is in agreement with the fact that after CAP350 depletion MTs are still present although they are less stable. The dual targeting of CAP350 to MTs by the N-terminus and to Golgi-like network by its CAP-Gly-containing domain could explain why endogenous CAP350 is concentrated in the pericentrosomal area. Once concentrated there, it could stabilise Golgiassociated MTs. After depletion of CAP350, these MTs would no longer be stabilised and consequently, the Golgi complex would fragment while still maintaining an association with the pericentrosomal area via other proteins such as GMAP210. When overexpressed, CAP350 is not only localised to the Golgi-associated MTs but also to MTs extending beyond it. In these conditions, other components of the Golgi-like network, such as AKAP450 partly redistributed along with CAP350 (see Fig. 8D ). Owing to the intimate association of the Golgi with the pericentrosomal area, CAP350 overexpression could then trigger loss of the classical Golgi ribbon organisation by favouring the pulling of the Golgi membrane along the MTs.
In conclusion, we propose that CAP350, which possess two major binding properties, one for MTs and the other for the Golgi-like network, could specifically stabilise Golgi-associated MTs. In this way, CAP350 may play an important role in the maintenance and integrity of the Golgi complex in the vicinity of the centrosome.
Materials and Methods
Cell culture
HeLa cells were grown in DME medium supplemented with 10% FCS. RPE1 cells were grown in DMEM-F12 supplemented with 10% FCS. Human lymphoblastic KE37 cells were grown in RPMI medium, supplemented with Fig. 8 . Effect of CAP350 depletion or overexpression on the Golgi complex. Cells transfected with the GL2 (A) or CAP350 (B) duplexes for 48 hours were fixed with methanol and stained for CAP350 and CTR433 a median Golgi marker. Cells transfected with the GL2 duplex present a classical Golgi complex. After depletion of CAP350 with the siRNA CAP350, the Golgi complex appeared scattered. (C-D) Representative cell expressing CAP350-GFP and stained for CTR433 (C) or A24, an antibody directed against AKAP450 (D). Note that the cell overexpressing CAP350-GFP presented a scattered Golgi complex in contrast to the untransfected cells. Interestingly, the Golgi-like network marker AKAP450 partially redistributed and colocalised with CAP350. Bars, 20 m CAP350 stabilises Golgi-associated MTs 7% FCS and MDCKII cells in DMEM supplemented with 10% FCS. MDCKII cells were seeded on 0.4 m polycarbonate membrane filters (Nunc) (2ϫ10 6 cells/filter) in DMEM and left to polarise for 4-5 days. Isolated pillar cells were obtained as previously described (Mogensen et al., 1997) .
MT stabilisation experiments were carried out with HeLa cells incubated in 5 M Taxol TM for 4 hours at 37°C. MT depolymerisation was carried out at 37°C with 5 M Nocodazole for the indicated time.
Plasmid construction
Different fragments of CAP350 cDNA corresponding to a.a. 1-893, 1-983, 403-725, 403-725 ⌬NLS, 984-2589 1-893, 1-983, 403-725, 403-725 ⌬NLS, 984- , 1896 1-893, 1-983, 403-725, 403-725 ⌬NLS, 984- -3117, 2590 1-893, 1-983, 403-725, 403-725 ⌬NLS, 984- -3117, 984-2589 1-893, 1-983, 403-725, 403-725 ⌬NLS, 984- , 2400 1-893, 1-983, 403-725, 403-725 ⌬NLS, 984- -2565 introducing EcoR1 and Xba1 sites were obtained by PCR and subsequently subcloned in pCS2 + with a 6ϫmyc tag into EcoR1-Xba1 sites (pMT plasmid). All constructs were sequenced to verify the absence of mutations. The two NLSs in the a.a. 403-725 domain were treated with two rounds of mutagenesis using the quick-XL site mutagenesis kit from Stratagene. R571 and R588 were replaced by Thr. The oligonucleotides used were: oligo5Ј R571T, 5Ј-GAGTCACAGCCCAGTAAAAA-CAAAACCTGACAAAATAACAG-3Ј; oligo3ЈR571T, 5Ј-CTGTTATTTT GTC -AGGTTTTGTTTTTACTGGGCTGTGACTC-3Ј; oligo5ЈR588T, 5Ј-CCCTGT-TATTTCCAAAACGCGCCACTATGACACAG-3Ј; oligo3ЈR588T, 5Ј-CTGTGT-CATAGTGGCGCGTTTTGGAAATAACAGGG-3Ј. The full-length protein was subcloned into a GFP vector (GFP-C3 from Clontech).
Antibodies
An antibody directed against CAP350 was obtained by immunising rabbits against the a.a. 1875-2055 domain of CAP350. Two antibodies directed against ␥-tubulin were used: a polyclonal (Tassin et al., 1998) or a mAb (GTU88 from Sigma). A mAb CTR453 (Bailly et al., 1989) , which recognises a sequence on exon 28 in the central domain of AKAP450 labels only the centrosome. The polyclonal antibody, a24 is directed against exons 24-27 of AKAP 450 and labels the centrosome, like mAb CTR453, but in addition reveals an extensive pericentrosomal Golgi-like network (Keryer et al., 2003) . The monoclonal antibody CTR433 (Jasmin et al., 1989) , which recognises the median Golgi compartment was used to label the Golgi complex. Anti-tubulin antibody was provided by Sigma (clone B5-1-2) and DAPI (4Ј,6-diamidino-2-phenyindole, dilactate) (Sigma) was used for DNA labelling.
Immunofluorescence microscopy and data processing Cells were fixed with methanol for 6 minutes at -20°C or permeabilised for 30 seconds in PHEM buffer containing 0.25% Triton X-100 before fixation and processed for immunofluorescence as described previously (Tassin et al., 1998) . After immunostaining, 3D video microscopy was performed using an upright motorised microscope (DM RXA2; Leica Microsystems, Mannheim, Germany) equipped with an oil-immersion 100ϫ/NA 1.4 Plan-Apochromat objective lens and a cooled interline charge-coupled device detector (Roper Coolsnap HQ). Z positioning was accomplished using a piezoelectric driver (LVDT; Physik Instruments, Waldbronn, Germany) mounted underneath the objective lens. The whole system operated by using Metamorph software (Universal Imaging Corp., Downingtown, PA). 3D reconstruction was performed using the Metamorph PSFbased iterative constrained algorithm.
Polarised MDCKII, cochlear cells and ARPE-19 cells were fixed with 90% methanol with 10% MES (100 mM MES, 1 mM EGTA, 1 mM MgSO 4 , pH 6.9) for 5 minutes. The cells were then permeabilised for 3 minutes with 1% NP40. Fluorescent images were recorded using either a Zeiss Axiovert 200M with a cooled monochrome CCD camera (Zeiss AxioCam) and Axiovision software or a Zeiss LSM 510 META confocal microscope with associated software. Z-stacks were generated from optical sections taken at 0.3 m intervals and the Volocity (Improvision) software program was used for 3D reconstruction.
Cell fractionation
Centrosomes were isolated from KE37 cells as described previously (Moudjou and Bornens, 1994) and soluble or insoluble fractions in 1% Triton X-100 were obtained from KE37 cells as described (Tassin et al., 1998) .
MT binding in cell extract
HeLa cells were washed twice with PBS and detached. Cell pellets were resuspended in 2 mM EGTA and 1 mM MgCl 2 on ice. Cells lysis was performed with a Dounce homogeniser and KPIPES pH 6.9 was then added to obtain a final concentration of 80 mM. The lysate was centrifuged for 1 hour at 100,000 g at 4°C. GTP (1 mM) and DTT (1 mM) were added to the supernatant and it was then divided into six aliquots of 100 l. Nocodazole (10 M) was added to aliquots 1 and 4 and Taxol (10 M) to aliquots 2, 3, 5 and 6. 5 g of purified tubulin (Cytoskeleton) was added to tubes 4-6, to increase tubulin concentration. All the aliquots were incubated at 37°C for 1 hour. Samples were then centrifuged at 100,000 g on a 40% glycerol cushion containing either Nocodazole or Taxol. Each supernatant was then precipitated with methanol and the protein pellet resuspended in 100 l Laemmli buffer (Laemmli, 1970 ) and boiled; each microtubule pellet was resuspended in 80 mM KPIPES, pH 6.9, 1 mM EGTA, 2 mM MgCl 2 (KHM) and centrifuged again over a new glycerol cushion to wash the pellet. Finally, MT pellets were then resuspended in 100 l Laemmli buffer and boiled.
In vitro transcription translation and microtubule binding
The cDNAs encoding different fragments of CAP350 were amplified by PCR after the 5Ј introduction of a T7 promoter and a Kozak sequence, and addition of a poly(A) 3Ј sequence. pfu Turbo (Stratagene) was used for the amplification. The presence of the PCR product at the right molecular weight was verified. The PCR products were then transcribed and translated in vitro using the TnT T7 Quick for PCR DNA kit (Promega) in the presence of 10 Ci [ 35 S]methionine for 90 minutes. Translation products were centrifuged for 30 minutes at 100,000 g and mixed for 1 hour with ready-assembled MTs. MTs were assembled by incubating 25 g purified tubulin (Cytoskeleton) in 40 M Taxol for 30 minutes at 30°C. MTs were then centrifuged through a 40% glycerol cushion made in KHM buffer. The translation-MT mix was then centrifuged on a 40% glycerol cushion at 100,000 g. Proteins from the supernatant were precipitated using methanol, centrifuged and resuspended in Laemmli buffer as the microtubule pellet.
Production and purification of The cDNA of CAP350 corresponding to a.a. 403-725 was amplified by PCR introducing a 5Ј BamH1 site and 3Ј EcoR1 site. The PCR product was introduced in pGEX4T3 and sequenced. GST-fusion polypeptides were expressed and isolated from bacterial lysates by affinity chromatography with glutathione-agarose beads. (P5) showing ninein at the centrosome and concentrated in a peripheral ring. (E) Lateral-to-oblique view of a 3D image of the apical region of an inner pillar cell (P5) with ninein accumulated at the minus ends of the apico-basal microtubules (red) (arrowhead). Part of the apex is also apparent, revealing part of the peripheral ninein ring (arrow) and ninein concentrated at the two centrioles. Bars, 5 m.
The fusion protein was analysed by Coomassie Blue staining, concentrated and buffer exchanged for MT buffer (KHM) using a Microcons column (Millipore, 10,000 cut-off). MTs were then added to similar amounts of GST alone, or GST-CAP350. After incubation for 1 hour at room temperature, samples were centrifuged over a 40% glycerol cushion in KHM buffer at 100,000 g for 30 minutes. Proteins from supernatants were precipitated and resuspended in Laemmli buffer as MT pellets.
Transfection of CAP350 domains
Exponentially growing RPE1 cells were transfected by electroporation and seeded on collagen-fibronectin-coated coverslips for immunofluorescence analyses. Cells were fixed after transfection for 24 hours and processed as described above. Alternatively, cells were transfected using Fugene 6 (Roche) according to the manufacturer's protocol.
siRNA experiments
RNA interference was performed on HeLa cells. Transfections with duplex RNA were carried out with oligofectamine (Invitrogen) for 48 and 72 hours according to the manufacturer's protocol. The following siRNA duplex oligonucleotides were used for CAP350: 5Ј-CGACGTTTAGATGCAGAAGAA-3Ј and 5Ј-ATGAACG -ATATCAGTGCTATA-3Ј. As a control, one duplex oligonucleotide described by Yan et al. (Yan et al., 2006) for CAP350 was also used. The duplex GL2 (Elbashir et al., 2001 ) was used for control. All the duplexes were from Qiagen.
